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Synopsis :

The initial permeability of reduced iron powder cores has been investigated in relation
to the effects of material characteristics dependence, impurity concentration, grain size
and residual strain introduced during the compacting process. The reduction of
impurities (O, C, P and S) and coarsening of grains have been found effective for
improving the permeability. Transmission electron microscope observation around the
grain boundaries of an iron particle revealed that oxide precipitates are formed along
the grain boundaries with sizes comparable to the domain wall thickness of pure iron.
This fact suggests that the grain boundaries act as the sites of strong pinning of the
domain wall displacement. On the basis of these findings, Kawasaki Steel has
developed a new reduced iron powder "KIP MG270H", realizing permeabilities higher
than the conventional materials up to several hundreds Hertz. This material is

applicable to line noise filter cores.
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The initial permeability of reduced iron powder cores has been investigated in relation to the effects of material char-
acteristics dependence, impurity concentration, grain size and residual strain introduced during the compacting process.
The reduction of impurities (O, C, P and S} and coarsening of grains have been found effective for improving the perme-
ability. Transmission electron microscope observation around the grain houndaries of an iren particle revealed that oxide
precipilates are formed along the grain boundaries with sizes comparable to the domain wall thickness of pure iron. This
fact suggests that the grain boundaries act as the sites of strong pinning of the domain wall displacement. Qn the basis of
these findings, Kawasaki Steel has developed a new reduced iron powder “KIP MGZ70H", realizing permeabilities higher
than the conventional materials up to several hundreds Hertz. This material is applicable to line noise filter cores.
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Mechanisms of controlling the initial permeability of iron
powder cares
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Table 1 Characteristics of iron powders

Apparent Chemical compositicn Green
Sample | density (mass%) density*
Mg/m¥ O C P S (Mg/m?)
A 2.67 (0.291 0.003 0.010 0.014 6.76
B 2.62 0.288 0.002 0.008 0011 6.78
C 2.65 0.3i6 0.004 0.008 0.009 6.76
D 2.67 0.310 0.002 0.005 0.015 6.80
E 2.69 0.303 0.002 (.006 0.011 6.82
F 2.68 0.310 0.002 0.012 0.011 6.78
&3 2.67 0.309 0.003 0.007 0.012 6.80
H 2.65 0.296 0.001 0.006 0.013 6.80
1 2.74 0.334 0.001 0.006 0.012 6.86
G 2.66 0.320 0.004 0.006 0.013 6.87
K 2.68 0.252 0.001 0.011 0.003 6.80
L 2.687 0.356 0.001 0.009 0.003 6.83

*Compacting pressure: 490 MPa
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Table 2 Initial permeability at 10kHz and integrated width of

iron powder compactions

Initial Integrated
Sample permeability width
Hitok/ 1o (")
A 69.0 0.349
B 69.7 0.349
C 70.3 0.358
D 70.7 0.350
E 71.1 0.353
F 72.1 0.354
G 723 0.371
H 72.3 0.365
1 73.0 0.364
] 73.2 0.346
K 74.8 0.338
L 77.7 0.350

40 T T

Initial permeability, 4, 1aito

675 6.80 6.85
Green density Mg/m®)

Fig. 2 Relation between green density and initial permeability at

10 kHz of iron powder cores
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Fig. 3 Relation between integrated width on the surface of com-
pacted body parallel to the compaction pressure and ini-
tial permeability at 10kHz of iron powder cores
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Photo 1 Optical micrographs of cross-section of reduced iron
powder cores with g, 15, 75.9(a) and 70.8(h)
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Fig. 4 Grain size distributions of «-Fe in iron powder cores
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Fig. 5 TEM image around the grain boundary of the reduced
iron powder (a) and EDX spectrum for the precipitate on
the grain boundary observed in the TEM image (b)
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Table 3 Typical values of characteristics of iron powders

_ MG270H 270MS
Chemical composition  (mass%)
Total Fe 994 99.4
Total C 0.001 0.003
S 0.03 0.03
Mn 0.24 0.24
P 0.010 0.013
S ¢.003 0.005
Apparent density Mg/ m"} 2.70 2.66
Particle size distribution (mass%}) ’
+ 48mesh n.d. n.d.
+ 100 mesh 1.2 19
+ 150 mesh 210 22.5
+ 200 mesh 33.8 32.0
+ 250 mesh 1.0 10.0
+ 325 mesh 18.7 18.2
- 325 mesh 143 16.0
Green density (Mg/m" 684 | 680
Initial permeability 76 71
_ 100 {3
&
g 8 z7oMms
ué‘ 60
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Fig. 6 Accumulated frequency of initial permeability of iron pow-
der cores
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Fig. 7 Core losses of the iron powder core and electrical steels
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